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radial fans were 0.22092 kg/s and 0.22309 kg/s respectively, thus showing an increase

in performance. The hypothesis of this study is therefore confirmed by the fact that as

the number of blades increases, the spacing between them reduces ; hence, fluid flows

at greater velocities, thereby enhancing the mass-flow rates. Verification and

validation were established by comparing the results with those of other studies, which
Keywords: revealed a reasonable percentage error in each case. Furthermore, at the blade tips of
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1. Introduction

Heavy industry, mining environments, and commercial buildings extensively use centrifugal fans.
They facilitate the movement of air or gas particles toward the incoming fluid, thereby ensuring
effective air distribution and maintaining air quality in specific settings [1-4]. Radial fans are known
to produce significant pressure increases at lower flow rates than axial fans and are frequently used
in heating, ventilation, and air conditioning (HVAC) systems [5]. These fans are crucial components
in fluid flow operating systems. Radial fans consist of impellers powered by electric motors [6]. The
rotation of the impeller directs air particles, allowing fluids to flow through ducts and overcome
resistance, thus achieving the desired flow according to the design specifications [7].

A numerical study by Galloni et al., [8] examined the performance and efficiency of
turbomachinery based on the blade count. The results showed that as the number of blades
increased, both the volumetric flow rate and dimensionless flow coefficient increased exponentially.
An increase in the blade count reduces the slippage effect, thereby allowing the impeller to deliver
more work to the fluid. Consequently, fans with more blades can move a greater airflow at the same
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counter pressure. Similarly, Aureliano et al., [7] experimentally and numerically analyzed centrifugal
ventilators and concluded that increasing the blade count enhances the output flow. More blades
reduce the blade spacing by narrowing the fluid path and minimising centrifugal effects, thereby
improving fluid flow and throughput.

The design of a radial fan impeller is vital for optimising performance. Impeller effectiveness is
influenced by geometric parameters such as the blade count, shape, thickness, profile, and
inlet/outlet diameters [9,10]. However, variations in the blade count affect the flow efficiency and
flow characteristics, such as the flow rate, velocity, and pressure [9]. Numerical analyses using
computational fluid dynamics (CFD) to solve nonlinear partial differential equations governing fluid
flow, turbulence, and heat transfer. CFD is an advanced technique that is widely used in fluid flow
research [11,12].

This project determines the flow characteristics near a radial fan's blades and explore the
relationship between the blade count and fluid flow rate. It is hypothesised that increasing the blade
count will improve the output flow. To achieve these goals, simulations of radial fans with 12, 16, and
20 blades were conducted using ANSYS Fluent for CFD analysis and SolidWorks for design. This study
focused on varying the blade count while keeping the other parameters constant, and it validated
the simulation results with the existing experimental data.

2. Methodology
2.1 Geometry of the Radial Fan

Radial fans were modelled using SolidWorks software, and the main components included the
casing, impeller (featuring different blade counts), and inlet plate [13]. The overall dimensions of
these models are shown in Figure 1. Three models were used in this project: radial fans with 12, 16,
and 20 blades. Radial fans are generally divided into two main domains: volutes and rotors. This
domain creation ensures an interface between the rotor and casing, where the flow is fully developed
upon leaving the inlet and outlet. The blades and rotating region are defined as a rotating reference
frame, whereas the fan casing is defined as a stationary frame [13,14].

R 90.00

T R150.00

(c)
Fig. 1. The geometry of the radial fan (a) Overall dimensions of the model (b) 12 blade
(c) 16 blade (d) 20 blade
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2.2 Meshing of the Model

The meshing process discretizes the computational domain into numerous cells or elements [15].
Essentially, this process creates mathematical equations based on the fluid flow model, thereby
enhancing the numerical analysis and evaluation. The number of elements and nodes affects the
accuracy of the fluid flow solution in the finite element model [16]. High-quality meshing results in
more accurate fluid flow solutions, although it requires more time. The general meshing method is a
tetrahedron, as shown in Figure 2.

Fig. 2. Meshing of the radial fan
2.3 Governing Equations

The model considers an infinitesimally small fluid element moving with the flow. Although this
element has a fixed mass; however, its shape and volume change as it moves downstream [17]. The
governing equations of this simulation include the continuity and momentum equations. Because the
mass is conserved, the time rate of change of the fluid element's mass is zero as it moves with the
flow. The continuity equation is expressed as follows:

bp LV =
o +pV-V=0 (1)
The momentum equation in conservation form for x-direction is:

o(pw) _ . — _ a_p OTxx 0Tyx | 0Tzx
at =V (puV) = 6x+ Ax T dy T az +pf (2)

where p is the density, t is the time and V is velocity.
2.4 Boundary Conditions

Setting boundary conditions ensures that no data overstatement occurs. Table 1 lists the
boundary conditions of the radial fan simulation analysis.
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Table 1
Boundary conditions of the radial fan
Boundary condition Value

Inlet Atmospheric pressure (0)
Outlet Static pressure (0)
Turbulence intensity 5%

Turbulence model k—w

3. Results
3.1 Grid Independency Test (GIT)

The results for each case were converged using GIT, with the difference threshold set at 0.001 to
ensure the convergence of the mass flow rate. The mesh was refined by increasing the number of
iterations at the edges of the radial fan and by enhancing the face elements at the inlet and outlet.
Tables 2, 3, and 4 present the GIT results for fans with 12, 16, and 20 blades, respectively.

Table 2

GIT results for 12 blade meshing

No Node Element Mass flow rate (kg/s)  Difference

1 42431 223203 0.15554 -

2 57083 292785 0.15561 7%x107°

3 95552 480102 0.15897 3.36x 1073

4 100570 506945 0.15897 0

Table 3

GIT results for 16 blade meshing

No Node Element  Mass flow rate (kg/s) Difference

1 57449 294131 0.21770 -

2 91936 460413 0.22092 3.22x 1073
3 96349 483538 0.22092 0

Table 4

GIT results for 20 blade meshing

No Node Element  Mass flow rate (kg/s) Difference

1 57449 294131 0.21770 -

2 91936 460413 0.22092 3.22x 1073

3.2 Validation and Verification of Results

For validation, a previous experimental study by Aureliano et al., [7] was referenced, and the
validation results are shown in Figure 3. The percentage error between the current simulation and
previous experimental results was 12.62%. This discrepancy may be due to the motor rotation speed
efficiency in the experiment, whereas the simulation assumed a steady flow. The verification involved
a numerical solution similar to that reported in [7], as illustrated in Figure 4. The percentage errors
of the 12, 16, and 20 blades were 13.34%, 6.23%, and 1.92%, respectively (Table 5).

Although simulations should ideally match the exact geometry of the radial fan model, the precise
geometry of the radial fan model has not been reported. Therefore, a similar fan with approximate
geometry was modeled and simulated under identical conditions, resulting in an acceptable
percentage error.
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Fig. 3. Mass flow rates obtained from the simulation and experimental results
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Fig. 4. Mass flow rate for different numbers of blades

Table 5

Percentage errors between previous and current papers
Blade number Percentage error (%)

12 13.34

16 6.23

20 1.92

3.3 Velocity of the Radial Fan

Figure 5 shows the velocity streamlines at different blade counts. In the case of radial fans, the
velocity plays a very significant role on the performance capacity of the fan because it determines
the flow characteristics of the fan. The velocity distribution within the radial fan depends on the
number of blades, rotation speed, and interaction of the fluids. When such a fluid flows into the fan
through the inlet, the impeller, which is possessed of kinetic energy, moves it to and from the inlet
via centrifugal force. This causes the fluid to flow at higher velocity in the radial direction through the
blade passages of the turbine.

For fans with a larger number of blades, including 16 and 20 blade configurations, the fluid is
retained within tight spaces between the blades. This resulted in an increase in the velocity of the
flow since the same volumetric flow rate had to pass through the bladed section with a smaller
distance between blades. For the 12-blade configuration, the blades were further apart from each
other; as a result, the movement of the fluid was less limited, and the overall velocity of the fluid to
be driven was significantly lower than that for the other blade configurations.
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The velocity streamlines of radial fans with various blade numbers are characterized by this
tendency. Figure 5 shows the velocity streamlines of the 12, 16, and 20 blades. From the above
results, the velocity magnitude increased with increasing number of blades because of the reduction
in the slip effect. More blades give the impeller a greater ability to transfer energy to the fluid, which
increases the velocity of the fluid leaving the fan.
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Fig. 5. Velocity streamline of a radial fan with different numbers of blades
(a) 12 blades (b) 16 blades (c) 20 blades

3.4 Mass Flow Rate

The simulation results obtained using ANSYS Fluent showed that the mass-flow rate increased
with the number of blades, as shown in Figure 6. The number of blades influences both the
performance and efficiency of any turbomachinery [18]. Thus, in fan design, the number of blades
should be carefully set to optimize the fan performance. The optimal number of fan blades cannot
be determined using theoretical relationships. It is often found through experimental studies. In
general, the output flow is influenced by the number of blades. As the number of blades increased,
the output flow of the radial fan increased [19]. As the blade number increases, the space between
the blades decreases, which narrows the fluid path and reduces centrifugal effects; therefore, fluid
flow increases [20].

Mainly, by increasing the number of blades, the characteristic curve moves upward. As
mentioned above, the slip effect diminishes as the number of blades increases, and the impeller
delivers more work to the fluid. Thus, at the same counter pressure, a fan with more blades achieves
a greater flow than a fan with fewer blades.However, at the same flow rate, increasing the number
of blades results in a larger difference in the pressure.
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Fig. 6. Relationship between the mass flow rate and number of blades
4. Conclusions

In conclusion, the objectives of this study were successfully achieved. The first objective was to
determine the flow characteristics near the blades of the radial fan. The second objective was to
investigate the relationship between the number of blades and the fluid flow rate. Generally, the
performance of a radial fan can be enhanced by adjusting the number of blades rather than altering
the fan geometry. Increasing the blade count improved the performance in terms of the mass-flow
rate at the outlet. Although blade number manipulation affects the mass-flow rate, the performances
of different centrifugal fans should also be studied. In this study, examining the unsteady flow was
more applicable to numerical analysis. Additionally, using the exact geometry in the experimental
and simulation studies enhanced the data accuracy.
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